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Why Do We Need A Vaccine For HIV?



Why Do We Need A Vaccine For HIV?

• The drugs are still not free of toxicity

• An effective vaccine is most cost-effective solution

• Identification of those infected or at risk is often challenging

• Easiness of use

– PrEP and PEP are only as good as the ability to deploy them

– Vaccine is given once and lasts a lifetime

In the light of results from PrEP and PEP trials, and 
reduced drug toxicity, why should we invest in vaccine 
development?

Still more than 5000 infections a day globally



WHAT SHOULD AN HIV VACCINE DO?



The Role of Vaccine-Inducible Immune Responses 
in Different Phases of HIV Infection
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WHAT SHOULD AN HIV VACCINE DO?

More than 90% of HIV infections are sexually
transmitted: an efficient preventive vaccine 

MUST elicit mucosal antibodies (IgA) as well as
mucosal and systemic CTL

Vaccines that aim at eliciting systemic immune 
responses alone are not likely to be enough: 

once HIV is in the blood the game is lost



Requirements for vaccine-induced protection and control



Mechanisms of CD8+ T cell-mediated suppression of HIV replication



A global approach to HIV-1 vaccine development

Immunological Reviews
Volume 254, Issue 1, pages 295-304, 16 JUN 2013 DOI: 10.1111/imr.12073
http://onlinelibrary.wiley.com/doi/10.1111/imr.12073/full#imr12073-fig-0001

http://onlinelibrary.wiley.com/doi/10.1111/imr.2013.254.issue-1/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/imr.12073/full#imr12073-fig-0001


Fig. 1   Evolution of HIV vaccine paradigms and clinical trials.

José  Esparza

A brief history of the global effort to develop a preventive HIV vaccine
Vaccine Volume 31, Issue 35 2013 3502 - 3518
http://dx.doi.org/10.1016/j.vaccine.2013.05.018



WHAT HAVE WE DONE?



Brief History of HIV Vaccine Efficacy Trials
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Pivotal basic & clinical research discoveries
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The Journal of Infectious Diseases 2005;191:654–665

Placebo‐Controlled Phase 3 Trial of a Recombinant Glycoprotein 120 
Vaccine to Prevent HIV‐1 Infection
The rgp120 HIV Vaccine Study Groupa



HIV clinical trials, rationale design and outcome



Step Study (HVTN 502)

IFNγ-secreting HIV-specific T cells in 77% of vaccinees; 
HIV-specific CD4+ T cells in 41% of vaccinees

The vaccine was highly immunogenic for inducing HIV-
specific CD8+ T cells

The HTVN 502 (HIV gag/pol/nef) vaccine did not reduce 
plasma viremia after infection; HIV-1 incidence was higher 
in the vaccine-treated group. 



HVTN 505 (DNA/rAd5)

Designed to elicit HIV-specific, multifunctional 
responses in CD4+ and CD8+ T cells and 

antibodies to envelopes of the major 
circulating strains 



Efficacy Trial of the HVTN 505 Preventive Vaccine 
NEJM October 2013

The HVTN 505 clinical trial was interrupted because an
an interim review showed that that the vaccine did not
prevent HIV infection nor reduce viral load among
vaccine recipients who became infected with HIV





RV144: First Signal of HIV Vaccine Efficacy

ALVAC®-HIV (vCP1521) 
Canarypox expressing HIV-1 subtype E 

gp120 and HIV-1 subtype B gag and 
protease

AIDSVAX® B/E
HIV gp120 subtype E and B



16,395 subjects
52,985 person-years

125 infections

Vaccine infections: 51
Placebo infections: 74

VE: 31.2%
p=0.04
95% CI: 1.1, 52.1
(O’Brien-Fleming-adjusted)

Effect on Acquisition (MITT Analysis)

31% reduction in infection incidence in vaccine arm of study



HIV-1 vaccine efficacy trials: immune correlates 
of risk



10.1371/journal.pone.0075665

Plasma IgG to Linear Epitopes in the V2 and V3 Regions 
of HIV-1 gp120 Correlate with a Reduced Risk of Infection 
in the RV144 Vaccine Efficacy Trial

IgG antibodies that bind to V1/V2 recombinant 
protein correlated inversely with infection rate 



Sites of Vulnerability for HIV Neutralization

membrane proximal domain
CDRH3 17-24aa
Mutation 9-16%

2F5, 4E10, CAP206-CH12, 10E8

V3/glycan
CDRH3 16-19aa

Mutation 19-32%
2G12, PGT125-128, PGT131-135

CD4 binding site
CDRH3 14-21aa

Mutation 13-36 %
B12, VRC01-03, PG04, HJ16 CH30-34, 

NIH45-46, 12A12, VRC07

V1/V2
CDRH3 24-30aa

Mutation 19-21%
PG9/16, CH01-04, PGT 141-145

Haynes et al. (2012) Nat.Biot. 5: 423-433
Kwong and Mascola et al. (2013) Immunity. In Press

Long CDRH3 loops and minimal Somatic Hypermutation (SHM)



Cumulative Infection Rates

HighV1V2 

Low/Medium 
V1V2 

V1V2-gp70 Scaffold Assay



Thai Vaccine (‘RV144’) what’s next?

Several small-scale clinical trials in southern Africa, 
started January 2015 and ongoing

A large-scale trial (HVTN 702) launched in October 
2016, using a similar regimen to RV144, but made 

for South Africa; the trial is ongoing 



SO, DO WE HAVE A VACCINE?

NO

• How do you induce V1-V2 Ab?
• Why are they induced only in some vaccinees?

• How do the V1-V2 Ab work?
• Are they enough?



WHY DONT WE HAVE A VACCINE?



Hypervariablity of HIV





Figure 1. Enhanced resistance of clade B early/transmitted HIV-1 variants to neutralization by polyclonal sera 
over the course of the epidemic.

Bouvin-Pley M, Morgand M, Moreau A, Jestin P, et al. (2013) Evidence for a Continuous Drift of the HIV-1 Species towards Higher 
Resistance to Neutralizing Antibodies over the Course of the Epidemic. PLoS Pathog 9(7): e1003477. 
doi:10.1371/journal.ppat.1003477
http://www.plospathogens.org/article/info:doi/10.1371/journal.ppat.1003477

http://www.plospathogens.org/article/info:doi/10.1371/journal.ppat.1003477


Development Pathway for HIV Vaccines

Phase 1 Trial
Evaluated vaccine Safety

20-50 Volunteers

Phase 2 Trial
Immunogenicity of vaccine and 
collection of additional safety 

data
100s of volunteers

Phase 3 Trial
Test efficacy of vaccine

-Ability to prevent acquisition 
or disease course

1000s of volunteers

Cost

Thai trial≈ $120 million

$

$

$

Pre-clinical
Vaccine discovery

NHP, Rabbits (mice)

$

Years

?

1-2
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Immunogenicity: measurements made to gauge 
the size of an effective immune response

Problem: we don’t really know what an effective 
immune response is for HIV infection



Eurosurveillance, 18: 44-51, 2017
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